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1. Fuzzy sets and fuzzy logic: applications 


Fuzzy sets were introduced by the Prof. Lotfi A. Zadeh in 1965 as an extension of the 
classical notion of set (Zadeh 1965). In classical set theory a set of elements is a crisp set 
because an element only has two membership possibilities, an element either belongs or 
does not belong to the set. However, fuzzy sets are sets whose elements are characterized by 
membership degrees represented with the aid of a membership function valued in the real 
unit interval [0, 1], 0 being the minimum degree of membership, 1 the maximum degree 
of membership, and the other values in [0,1] representing different degrees of membership. 
Fuzzy Sets Theory provides mathematical foundations to treat imprecision, inexactness, 
ambiguity, and uncertainty that appear in real problems (Dubois, Prade 1988). 

Fuzzy logic is an extension of the Boolean logic which is based on the Fuzzy Sets The- 
ory. By introducing the notion of degree in the verification of a condition in a rule system, 
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fuzzy logic provides a very valuable flexibility for reasoning, which makes it possible to 
take into account inaccuracies and uncertainties associated to the human reasoning. Fur- 
thermore, using the important fuzzy concept of linguistic variable (Zadeh 1975a, 1975b, 
1975c) fuzzy logic allows to formalize human reasoning in such a way that the rules are 
set in natural language. Thus, Zadeh introduced the concepts of fuzzy set and fuzzy logic 
in order to provide a tool for representing and reasoning in a manner similar to the way 
humans express knowledge, make decisions and summarize data (Kacprzyk, Pedrycz 2015). 

Since its appearance in 1965, fuzzy techniques have been the target of much criticism, 
but the strength of the fuzzy scientific community and the quality of achieved results and 
developments have driven its growth. Today, the research on fuzzy logic holds a leading 
position in international panorama of science as it is shown by the major conferences such 
as FUZZ-IEEE, IFSA, IPMU; important journals such as IEEE Trans. On Fuzzy Systems, 
Fuzzy Sets and Systems, Journal of Intelligent & Fuzzy Systems, Fuzzy Optimization and De- 
cision Making; and leading scientists such as Didier Dubois, Ronald Yager, Witold Pedrycz, 
Francisco Herrera, Janusz Kacprzyk, Jerry Mendel, Enric Trillas. 

Fuzzy sets theory and fuzzy logic are important technologies that constitute the area 
of computational intelligence, together with other technologies as rough sets theory, evo- 
lutionary computation and neural networks. Therefore, computational intelligence tools 
identify a set of nature-inspired computational methodologies to address real-world prob- 
lems that are not solved satisfactorily by traditional approaches. Fuzzy sets and fuzzy log- 
ic play a leading role inside computational intelligence tools because, as aforementioned, 
it allows us to deal effectively with uncertainty that is common in human reasoning. In 
the literature we can find important applications of fuzzy tools in research areas such as 
Decision Theory, Management Science, Operations Research, Politics, Social Psychology, 
Economics, Engineering (Buckley et al. 2002; Kaufmann, Gupta 1988; Klir, Yuan 1995). 
Also to develop fuzzy intelligent systems for information retrieval, recommender systems, 
relational database, web quality, digital libraries, control systems, data mining, autonomous 
robots (Herrera-Viedma et al. 2006; Kacprzyk, Pedrycz 2015; Yager, Zadeh 1992). Some 
important fuzzy tools to solve problems are (Dubois, Prade 1988; Kacprzyk, Pedrycz 2015): 
fuzzy connectives, fuzzy implications, aggregation functions, fuzzy integrals, type-2 fuzzy 
sets, linguistic variables, interval-valued fuzzy sets, intuitionistic fuzzy sets, fuzzy numbers, 
fuzzy preference relations, fuzzy ontology, fuzzy rule-based systems, and fuzzy clustering. 


2. Fuzzy approaches in multi-criteria decision making 


Multi-Criteria Decision Making (MCDM) was introduced as a promising and important 
field of study in the early 1970¢s. Its aim is to help decision makers solve complex de- 
cision problems in a systematic, consistent and more productive way (Carlsson, Fuller 
1996). MCDM is concerned with structuring and solving decision and planning problems 
involving multiple criteria in order to support the complex decision making processes that 
human beings develop in their daily lives. In MCDM problems there are not only very 
complex issues involving multiple criteria, but there are also multiple parties who could 
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be deeply affected from the consequences. According to Carlsson and Fuller (1996) we 
can identify four major families of methods in MCDM: i) the outranking approach whose 
most important MCDM methods are ELECTRE (Roy 1968) and Promethee (Brans, Vincke 
1985); ii) value and utility theory approaches (Fishburn 1970; Keeney, Raiffa 1976), being 
an important MCDM method the Analytic Hierarchy Process (AHP) developed by Thomas 
L. Saaty (1980); iii) the interactive multiple objective programming approach (Yu 1973; 
Zeleny 1973), and iv) group decision, consensus and negotiation theory (Lehrer, Wagner 
1981; Zartman 1978). 
Many decision situations usually involve imprecise, uncertain, indefinite and subjec- 
tive data that are difficult to represent and manage. When the decision situations involve 
experts the complexity of the decision process could be complicated because they could 
present a limited information, different formats of preference modelling, different domains 
to express their preferences (linguistic or numerical). Sometimes, even it could appear 
dynamic parameters that cause the decision making process to become more complex 
and challengeable. Fuzzy tools have shown to be usefulness to model and deal with such 
problematic. The first fuzzy approach in decision making was introduced by Bellman and 
Zadeh (1970). Since then many other fuzzy approaches have been defined for each of the 
four families of MCDM methods listed above (Delgado et al. 1994; Fodor, Roubens 1994; 
Kacprzyk et al. 1997; Zimmermann 1987). 
Fuzzy MCDM methods offer multiple ways to model and manage problems and varia- 
bles that are difficult to quantify in Economics. In fuzzy MCDM methods it is possible to 
exploit the potential of fuzzy techniques to handle uncertain information in the processes 
of decision making (Buckley et al. 2002; Zopounidis et al. 2001). However, there exist many 
challenges in Economics in order to understand the complex behavior of the customers 
and producers and formulate recommendations and methods that can be used by both, 
managers and customers, to optimize their decisions. Some of these challenges are: 
- The management of incomplete or missing information (Alonso et al. 2008; Ureña 
et al. 2015). 

- How to represent complex linguistic expressions in group decision making (Massanet 
et al. 2014; Morente-Molinera et al. 2015). 

- The management of dynamic parameters in decision making (Pérez et al. 2010). 

- The introduction of new negotiation measures to guide the consensus processes in 
contexts Web 2.0. (Alonso et al. 2013; Cabrerizo et al. 2010, 2015; Pérez et al. 2014). 

- The management of the trust among experts in group decision making (Wu et al. 
2015). 


3. About the papers of this special issue 


Let us now briefly summarize the content of each paper from this special issue, which is 
composed of eight new contributions on the development of fuzzy models for MCDM, as 
well as formal fuzzy MCDM approaches applied in real practical problems. Accordingly, 
the submissions can be split into three groups. 
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The first one includes two papers presenting novel fuzzy MCDM models developed 
using significant aggregation operators. The second group includes two papers introducing 
new fuzzy MCDM models for heterogeneous decision contexts. The third group covers four 
real-life applications of fuzzy MCDM models. 

The first group of papers introduces how to apply aggregations operators such as the 
OWA operators and Heronian Mean in the development of new fuzzy MCDM models: 

- Vizuete-Luciano et al. in “Decision making in the assignment process by using the 
Hungarian algorithm with OWA operators” present the Hungarian method that is a 
combinatorial optimization algorithm that solves the assignment problem in poly- 
nomial time. Authors introduce a new approach of the Hungarian method based 
on the famous Ordered Weighting Averaging operators introduced by Ronald Yager. 
They also show how this new approach could be used in a financial decision making 
problem regarding the assignment of investments. 

- In the paper entitled “Some Heronian mean operators with 2-tuple linguistic infor- 
mation and their application to multiple attribute group decision making’, by Li and 
Liu, new fuzzy linguistic approaches of the Heronian mean operator are defined by 
assuming that the user preferences are modelled by means of linguistic variables. To 
do that, they use a linguistic 2-tuple preference modelling. Authors propose some 
new 2-tuple generalized Heronian mean operators, which can process the interactions 
between the attributes. They also show their application in multi-attribute decision- 
making problems. 

The second group of contributions includes tools to deal with weights in fuzzy MCDM 
models, modelling the importance of criteria and, specially, by incorporating the influence 
of time factor in fuzzy decision-making contexts. 

- Razavi Hajiagha et al. in “Determining weights of fuzzy attributes for multi-attribute 
decision-making problems based on consensus of expert opinions” introduce a new 
approach for fuzzy multi-attribute group decision-making problems defined in het- 
erogeneous contexts. In such a way, they assume that decision makers’ opinions on 
attributes are not equally important. By assuming that the opinions are expressed by 
means of fuzzy numbers, they introduce a new method to derive decision makers’ 
weights whose main advantage is the possibility of computing different weights for 
each decision maker in different attributes. 

- Li et al. in “Dynamic fuzzy multiple criteria decision making for performance evalu- 
ation” provide a new dynamic fuzzy MCDM method defined in a heterogeneous 
context and by considering the effect of time in the decision making process. In such 
a way, an interesting dynamic MCDM approach is presented. In this new MCDM ap- 
proach, on the one hand, integrated weights for the attributes are computed from ex- 
pert preferences by combining objective and subjective methods. On the other hand, 
the influence of the time factor is also considered. 

The last group of contributions includes applications covering different application 
fields as the selection of leisure space in urban areas, selection of hydro-power plant proj- 
ects, selection of projects in telecommunication companies, and production problems in 
companies. 
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- The first paper of this group by Pourahmad et al. “Combination of fuzzy-AHP and 
DEMATEL-ANP with GIS in a new hybrid MCDM model used for the selection of 
the best space for leisure in a blighted urban site’, presents a new hybrid fuzzy MCDM 
approach to solve the problem of selection of appropriate locations as leisure spaces 
in urban areas. This innovative approach combines different decision making tools 
as Fuzzy-AHP, ANP, and DEMATEL together with GIS tools. Authors show how it 
could be applied in the identification of the appropriate locations for leisure spaces 
development in Gheytariyeh neighborhood of Tehran. 

- In the paper entitled “Small hydro-power plant project selection using fuzzy axi- 
omatic design principles’, by Khandekar et al. a rational fuzzy MCDM methodol- 
ogy is proposed in order to assist a developer in selecting the most profitable and 
feasible small hydro-power plant project for construction and subsequent operation. 
The techno-commercial and socio-economic criteria as considered for analyzing the 
feasibility of the candidate projects. The preferences are expressed qualitatively us- 
ing trapezoidal fuzzy numbers. An example of selection of four projects of 25MW 
generation capacity to be located at different geographical sites in India is presented. 

- Cid-Lépez et al. in “A hybrid model for decision-making in the Information and 
Communications Technology sector” propose a fuzzy hybrid MCDM model based 
on a 2-tuple linguistic modelling. This new approach allows us to make decisions 
according to both, the expert opinions and an intelligent information system that 
plays the role of a virtual expert. To validate the model presented, a specific example 
of decision-making in a telecommunication company in relation to a problem in its 
commercial area that was affecting the company’s image is presented. 

- Stanojević et al. in “On the ratio of fuzzy numbers - exact membership function 
computation and applications to decision making” present a new approach to solving 
the full fuzzy linear fractional programming problem by using the a-cut interval of a 
special class of fuzzy numbers. They show how it is possible to use such proposal in 
decision making for production problems of companies when we have to determine 
the optimal number of units to produce for each product per week. 
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